Several studies have shown that improvements in the regional prediction of low-27 flow characteristics can be obtained through the inclusion of a parameter characterising 28 catchment baseflow recession. Usually, a linear reservoir model is assumed to define 29 recession characteristics used as predictors in regional models. We propose in this study to 30 adopt instead a non-linear model. Predictors derived from the linear model and the non-linear 31 model are used separately in low-flow regional models along with other predictors 32 representing physiographical and meteorological characteristics. These models are applied to 33 selected gaged catchments. Results show that better performances are obtained with the 34 parameter from the non-linear model. One drawback of using recession parameters for 35 regional estimation is that a streamflow record is required at the site of interest. However, 36 recession parameters can be estimated with short streamflow records. In this study, to 37 simulate the performances obtained at partially gaged catchments, the recession parameters 38 are estimated with very short streamflow records at target sites. Results indicate that, with a 39 streamflow record as short as one year, a model with a recession parameter from the non-40 linear model leads to better performances than a model with only physiographical and 41 meteorological characteristics. 42 43
Introduction

48
It is of major importance to engineers and water managers to properly estimate the 49 frequency of low-flow events, and their spatial and temporal evolution in the region of study 50 (Vogel and Kroll, 1992 For the purpose of regional estimation, regression models are often used to estimate low-flow 60
Wittenberg (1994) a mean value of 1.6 was obtained. 116 We propose in this study to use a parameter derived from the non-linear reservoir model 117 instead of the usually used linear model. Because b is different from 1 in general, it is 118 expected that the performances will be increased by the use of this optimised parameter in 119 regional models. Wittenberg (1999) stated that a value of 1.5 is a typical value for average 120 cases and suggested to calibrate the factor a with b fixed to this value. In this study, a is 121 estimated with a fixed value of b for the whole study area estimated by the average of 122
individual catchment values. To estimate b for a given catchment, a similar approach to Vogel 123 and Kroll (1992) and Brutsaert and Lopez (1998) 
. (4) 129
The parameter b along with the parameter a in Eq. (4) are estimated using a least square linear 130 regression. Subsequently, given a fixed value of b, the least square estimator of a in Eq. (4) is 131
given by: 132
where d is the number of pairs of consecutive streamflow values.
135
Study area
136
The regional proposed estimation models are applied to a network of 190 gaging 137 stations in the province of Quebec (Canada). Due to the seasonal variations specific to the 138 study area, we consider two distinct low-flow seasons corresponding to the summer and the 139 winter. In this study, we analyse the low-flow quantiles 7, 2 Q and 7, 10 Q corresponding to return 140 periods of T = 2 and 10 years for a duration d = 7 days, and the low-flow quantile 30, 5 Q 141 corresponding to a return period of T = 5 years for a duration d = 30 days for the summer and 142 winter seasons separately. The hydrological, physiographical and meteorological variables 143 used in the present case study came from a low-flow frequency analysis study by Ouarda et al. 144 (2005) . The same database has also been used in Ouarda and Shu (2009) for low-flow 145 frequency analysis using artificial neural networks. Only stations with at least 10 years of 146 record data and corresponding to pristine basins were selected. The selected stations passed 147 the Kendall test for stationarity, the Wald-Wolfowitz test of independence, the Wilcoxon test 148 of homogeneity for the mean and the Levene test for homogeneity of the variance. As a result, 149 127 and 133 stations were selected for the summer season and the winter season respectively. 150
The locations of the gaging stations are presented in Fig. 1 . The stations cover a large area in 151 the southern part of the province of Quebec (Canada) and are located between 45°N and 152 55°N. The area of the catchments ranges from 0.7 km 2 to 96,600 km 2 with a median value of 153 3077 km 2 . The largest catchments are located in the northern part of the study region. The 154 average flow record size is 32 years of data. Winter mean temperatures for the study area 155 range from -10°C in the south to -21°C in the north and summer mean temperatures range 156 from 20°C in the south to 12°C in the north. 157 variables are the basin area (AREA), the latitude of the gaging station (LAT), the mean slope 159 of the drainage area (MSLP), the percentage of the basin area occupied by lakes (PLAKE), 160 the percentage of the basin area covered by forest (PFOR), the mean annual degree days 161 below 0ºC (DDBZ), the mean annual degree days below 0ºC (DDH13), the average annual 162 precipitation (PTMA), the average summer-autumn liquid precipitation (PLMS), the average 163 number of days for which the mean temperature exceeds 27 ºC (NDH27) and the mean curve 164 number (MCN) which is a soil characteristic. These variables are summarised in Table 1 and Generalized Pareto distributions. To select the distribution that best fits the hydrological 170 data for each station, the Bayesian information criterion was used. vary between 4 days and 10 days (Tallaksen, 1995) . A portion at the beginning of recession 192 segments can also be removed to avoid the presence of surface flow. 193
The recession analysis method applied here is based on the procedure proposed by Vogel and 194 Kroll (1992) neighbourhood is defined by the optimisation parameter, it may happen that the number of 225 stations in the neighbourhood is not large enough to be able to carry out the multiple 226 regression. The jackknife resampling procedure is modified in this study to include instead the 227 all stations of the study area. 229 The selection of the variables used for the CCA is based on the previous study of log( ) log(AREA) log( ) log(PLMS) log( ) log( ) log(AREA) log(PLMS) log( log( ) log(AREA) log( ) log(LAT) log(NDH27)
Regional models
Explanatory variables in Eqs. 6-11 are ordered from the most significant to the least 265 significant one. It can be observed that recession parameters represent very important 266 13 variables. The recession parameter is generally the most important variable after the basin 267 area and nl a is the most important variable for the summer season. 268
Performance criteria
269
To assess the performances of the regional models, a jacknife resampling procedure is 270 performed. Each gaged site is successively considered ungaged and is removed from the 271 database. A regional model is then applied to obtain an estimate of the quantiles at this target 272 site with the remaining gaged sites. This operation is repeated for all sites of the database. 
Results
289
The recession analysis method presented in section 4.1 was applied to the gaged 290 catchments of the study area. 
313
Results in Tables 2 and 3 
